INTRODUCTION
RAS proteins are small guanine nucleotide binding proteins that have been structurally conserved throughout the evolution of eukaryotes, and homologs have been found in two highly divergent species of yeast, Saccharomyces cerevisiae and Schizosaccharomyces pombe (Fukui and Kaziro, 1985) . RAS function is best understood in S. cerevisiae, where RAS1 and RAS2 regulate adenylyl cyclase in a guanine nucleotide triphosphate (GTP) dependent manner Field et al., 1987) . Paradoxically, regulation of adenylyl cyclase does not appear to be the function of RAS proteins in vertebrates (Beckner et al., 1985; Birchmeier et al., 1985) or even in the yeast S. pombe (Fukui et al., 1986; Nadin-Davis et al., 1986b) . We have begun to study the function of RAS in S. pombe in the hope of uncovering a common underlying mechanism of its action.
S. pombe contains a single ras homolog, rasl (Fukui and Kaziro, 1985; Nadin-Davis et al., 1986b) . The biochemical function of rasl is not known. rasI null haploid strains fail to conjugate, and rasl null diploid strains fail to sporulate (Fukui et al., 1986) . rasl null strains are more spherical in shape than the rod-shaped wild-type S. pombe strains (Nadin-Davis and Nasim, 1988) . Cells expressing the activated mutant raslvall7 gene are partially defective in conjugation (Fukui et al., 1986; NadinDavis et al., 1986a) . When exposed to mating pheromone, they become pear shaped and develop an elongated conjugation tube, but mate poorly. Otherwise, raslvall7 cells are normal. These observations indicate that, in S. pombe, rasl is not an essential gene, but its product participates in the processes of sexual differentiation and the determination of cell shape.
S. pombe is predominantly a haploid organism with two mating types, designated h+ and h- (Egel, 1989) . Homothallic (h90) haploid strains switch mating type and hence cultures of h90 cells can self-mate. When starved, and in the presence of mating pheromone, haploid cells will conjugate and, with high probability, undergo meiosis and sporulation without intervening vegetative growth. Several ste (sterile) genes have been defined (Michael and Gutz, 1987) . Cells mutant in these genes are frequently defective both in conjugation and sporulation, indicating that the regulation of these distinct processes have many shared components. At least one ste gene, rasl (or equivalently, ste5), comes in two alleles: one causing defective conjugation and one causing defective conjugation and sporulation. This indicates that the requirement for an intact signaling pathway is more stringent for conjugation than for sporulation.
H.-P. Xu et al. Several nonessential genes are candidates for encoding components of the rasl signaling pathway. ste6 encodes a protein that is homologous to the CDC25 protein of S. cerevisiae (Hughes et al., 1990) . Hence, ste6, like CDC25, is thought to catalyze guanine nucleotide exchange on rasl. ste6 is required only for conjugation. sarl encodes a protein homologous to mammalian GAP, the human NFl product and the yeast IRA proteins (Wang et al., 1991a) . These proteins accelerate GTP cleavage by RAS proteins (Trahey et al., 1987; Ballester et al., 1990; Tanaka et al., 1990a) . Cells lacking sarl have a phenotype virtually indistinguishable from cells with activated raslvall7. byrl and byr2 were each found as multicopy suppressors of the sporulation defect of rasI null diploid cells, and both are predicted to encode serine/threonine kinases (Nadin-Davis and Nasim, 1988; Wang et al., 1991b) . Overexpression of the byrl and byr2 genes only poorly suppress the conjugation defects of rasl-haploid cells (see RESULTS). Cells lacking the byrl and byr2 genes are absolutely defective in sporulation and conjugation. byrl is equivalent to stel, and byr2 is probably equivalent to ste8.
In the present report we describe the identification and cloning of byr3, another gene that is a multicopy suppressor of the sporulation defects of rasl null diploids. byr3 can encode a protein with seven zinc finger binding motifs that are most homologous to the human cellular nucleic acid binding protein (CNBP) (Rajavashisth et al., 1989) . byr3 is not an essential gene, but its product appears required for efficient conjugation.
plasmid preparation and transformation. Yeast strains were grown in either rich medium (YEA, dextrose/yeast extract/adenine) or synthetic medium with appropriate auxotrophic supplements (PMA) (Nadin- Davis et al., 1986b) . The iodine vapor staining was performed as previously described (Nadin-Davis et al., 1986b) . S. pombe strains were transformed by the lithium acetate procedure (Ito et al., 1983) . Diploidization of haploid strains was accomplished by treating haploid cells with the lithium acetate procedure (Ito et al., 1983) and then screening for diploid cells with phloxin B (Gutz et al., 1974) .
Nucleic Acid Manipulation and Analysis of byr3 A S. pombe genomic library comprised of Sau3A partial digested DNA fragments cloned into pWH5, a high copy shuttle vector expressing the S. cerevisiae LEU2 gene, was obtained from David Beach. The average size of the insert DNA was 10 kbp. The pWH5 vector contained the bacterial marker for ampicillin resistance for selection in E. coli (Wright et al., 1986) . A plasmid containing the 12-kbp genomic DNA from the byr3 locus (pWH5BYR3) was isolated from the extrachromosomal DNA of the transformed strain of SpRUD as described in the text by method of Nasmyth and Reed, 1980. This DNA was transformed into E. coli (Holmes and Quigley, 1981) , and plasmid DNA was obtained from individual E. coli (Katz et al., 1973) . Nucleotide sequencing was performed by the dideoxynucleotide chaintermination method with oligo-nucleotide primers (Sanger et al., 1977; Biggin et al., 1983) . Serial complementary oligomers for each strand of the gene were synthesized progressively by ABI 380A & 380B DNA synthesizers to serve as primers for complete double stranded sequencing.
Plasmid Constructions
The S. pombe plasmids used are listed in Table 2 . pWH5 is a shuttle vector for E. coli, S. cerevisiae and S. pombe (Wright et al., 1986) . Plasmid 
MATERIALS AND METHODS Yeast Strains and Microbial Methods
The genotypes of all S. pombe strains used in this paper are listed in Table 1 . Escherichia coli strain DH5a (Hanahan, 1983) pIRT5 is a vector containing a 1.2-kbp S. pombe ARS fragment (Losson and Lacroute, 1983) at the EcoRI site and a 1.8-kbp S. pombe ura4 fragment at the HindIII site of pUC1 18. The plasmid pAL is a pUC1 18 based vector containing the 2.2-kbp HindIll fragment of the S. cerevisiae LEU2 gene cloned into the HindIII site, and a 1.2-kbp S. pombe ARS fragment cloned at the EcoRI site. The plasmid pART1 has, in addition, a 0.7-kbp S. pombe adh promoter fragment inserted between the Sph I and Pst I sites. Plasmid pAAUN was derived from plasmid pART1 by first replacing the S. cerevisiae LEU2 gene with a 1.8-kbp HindlIl ura4 fragment from S. pombe and then adding Not I linkers at the SmalI site. pAALN is the same as pAAUN except the ura4 gene was replaced by S. cerevisiae LEU2 gene. Plasmid pAALNL and pAAUNL was derived from pAAUN and pAALN by inserting an oligonucleotide encoding an influenza hemagglutinin antigen epitope peptide (Field et al., 1988) downstream of the adh promoter. This oligonucleotide contained a Sal I site for cloning coding sequences downstream and in frame with the peptide epitope. Plasmid pARTBYR1 contains the S. pombe byrl gene, which was obtained from S. pombe genomic DNA by the polymerase chain reaction (PCR) (Wang et al., 1991b) , cloned into the Sma I site of pART1. Plasmid pALR was constructed by inserting a 1.4-kbp BamHI-BglII S. pombe wild-type rasl gene fragment (Nadin-Davis et al., 1986b) into the Sma I site of pAL. Plasmid pALRV is the same as pALR except that the activated mutant raslvaIl7 gene was inserted (Nadin-Davis et al., 1986a) . Plasmid pWH5BYR2 contains the S. pombe genomic byr2 gene in the pWH5 vector (Wang et al., 1991b) . pWHBYR3 ( Figure 2 ) has a 12-kbp S. pombe genomic DNA sequence containing byr3 gene in the pWH5 vector. pALBYR3 was constructed by subcloning a 6.0-kbp BamHI fragment containing the byr3 gene from pWHBYR3 into the Sma I site of the pAL vector. Plasmid pAALNLBYR3 and pAAUNLBYR3 were constructed by inserting the coding sequences of byr3 into the Sal I site of pAALNL and pAAUNL. These coding sequences were obtained with PCR and the following primers:
5'-GTAAAGGAGTGTCGACGATGGAGTCT-3' 5'-AAGTGTGCGAGTCGACAAGGACTGAAG-3', with plasmid pALBYR3 as template. The primers contain internal Sal I restriction enzyme cleavage sites to facilitate cloning into pAAUNL. As the first step in the construction of expression plasmid pARTCNBP, an EcoRI fragment corresponding to full-length human CNBP cDNA was subcloned into the EcoRI site of Bluescript (Stratagene, La Jolla, CA). A 1.4-kbp long fragment containing the complete coding region of human CNBP was then excised with Sma I and Dra I and inserted into the Sma I site of pART1. The resulting plasmid pARTCNBP contains the inserted human sequences under the control of the strong S. pombe adh promoter.
Plasmid pRAS, obtained from David Beach, was derived by cloning a 2.5-kbp S. pombe genomic DNA fragment containing the rasl gene into the BamHI site of pUC118 (Nadin-Davis et al., 1986b) . pRAS:: ura4 contains the rasI gene inactivated by replacing a part of the gene with the S. pombe ura4 gene. The plasmid pRAS was digested with Nhe I and BglII, blunt-ended, and a 1.8-kbp blunt-ended fragment of the ura4 gene was inserted. The construction, pALBYR3::ura4, was made by replacing the Bal I fragment containing part of the byr3 gene in pALBYR3 with a 1.8 kbp of the S. pombe ura4 gene (Figure 2) .
A plasmid, pIH-byr3, which expresses byr3 fusion protein was constructed as follows. The polymerase chain reaction was used to Gene Disruptions in S. pombe
The rasl gene was disrupted in Sp870 to generate the haploid strain SpRU (h90 leul.32 ade6.210 ura4-D18 rasl::ura4). The ura4-disrupted rasl gene fragment was released from the pRAS::ura4 plasmid by digestion with BamHI, purified by agarose gel electrophoresis, and then transformed into the Sp870 wild-type strain. Individual ura4+ transformants were grown, and Southern blots confirmed that the proper disruption of the single-copy endogenous rasl gene was obtained. The rasl null diploid strain, SpRUD, was created from SpRU haploid cells by treatment with the lithium acetate procedure (Ito et al., 1983) . The SpRN21 strain was created by deleting the Nhe I-BgIIl fragment from the rasl gene in the h90 haploid wild-type strain Sp870. The Nhe I-BglII fragment of the rasl gene includes the C-terminal 20 codons and -300 bps of 3' flanking sequences. The strain SpRN1 is sterile because the rasI gene has been inactivated. We named the rasl allele of this strain rasl-DBglII-Nhe I. The byr3 gene was disrupted in Sp870 to obtain the haploid strain SpB3U (h90 leul.32 ade6.210 ura4-D18 byr3::ura4). A disrupted byr3 gene fragment was separated from pALBYR3::ura4 by BamHI digesMolecular Biology of the Cell tion, purified by agarose gel electrophoresis and transformed into the Sp870 wild-type strain. Transformed strains in which the byr3 gene had been disrupted properly were identified by Southern blots.
Induction and Expression of MBP-byr3 Fusion Protein
A 500-ml culture of E. coli cells containing plasmid pIH-byr3 was grown at 37°C in LB medium (1% bacto-tryptone; 0.5% yeast extract; 1% NaCl) containing 0.2% glucose and 100 ,Ag/ml of ampicillin to an OD600 of 0. phosphate buffer, pH 7.0; 0.5 M NaCl; 10 mM f3ME; 10 ,uM ZnSO4) was added to the supematant and incubated on ice for 30 min. The resin was pelleted by low speed centrifugation (500 rpm in an IEC DPR-6000 centrifuge) and washed twice with 10 ml column buffer containing 0.25% Tween-20 and 10 mM f3ME, twice with 10 ml column buffer containing 10 mM f3ME, twice with 10 ml DNA-binding buffer (50 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
[HEPES], pH 7.5; 50 mM KCl; 5 mM MgCl2; 10 mM 3ME; 10 ,M ZnSO4; 20% glycerol), once in 10 ml DNA-binding buffer containing 50% glycerol, and finally resuspended in the same buffer to twice the resin volume and stored at -20°C.
Binding of 32P-DNA to MBP-byr3 (Covey, 1986 
Immunoprecipitation of 35S-met Labeled Fusion byr3 Protein
The rasl null h90 strain (SpRU), the byrl null h90 strain (SpBU), the byr2 null h90 strain (SpB2U), and the wild-type strain (Sp870) were transformed with pAALNLBYR3 to express a byr3 protein, " 
RESULTS

Isolating byr3
The byrl and byr2 genes, each capable of bypassing the requirement for rasl during sporulation, are believed to act downstream of rasl. (Nadin-Davis et al., 1990; Wang et al., 1991b) . We sought to discover additional genes of S. pombe that, when contained on a multicopy plasmid, could induce sporulation in a rasI null diploid cell. We designed our screen to exclude genes that can also suppress the loss of byrl. The diploid SpRUD (h90/h90 leul.32/leul.32 ade6.210/ade6.210 ura4-D18/ura4D-18 rasl::ura4/rasl::ura4) fails to form spores, and hence colonies of SpRUD do not stain black when exposed to iodine vapor. SpRUD was transformed with an S. pombe genomic library made from the LEU2 vector pWH5. Leu+ transformants (5 X 1 04) were selected and stained with iodine vapor to detect colonies capable of forming spores. Seven of eleven positively staining transformants showed a plasmid-dependent phenotype, and plasmids were rescued from these into E. coli. These plasmids were next tested for the ability to induce conjugation in the byrl null haploid strain SpBU (see Table  1 ). Plasmids that could not induce conjugation in SpBU were further characterized. These plasmids fell into three classes. One class contained rasl; a second class contained mei3; and a third class defined a new genetic Figure 3 . The open-reading frame of 179 codons is initiated by an ATG codon, which is preceded by a stop codon 42 nucleotides upstream in the same frame, and an inframe stop codon 537 nucleotides downstream from this ATG. The predicted amino acid sequence of the byr3 product is also shown in Figure 3 . Searches of GenBank and EMBL data banks, with the FASTDB program, revealed that two regions of the byr3 product, amino acids 30-90 and 100-150, were 43 and 38% identical to the gag polyprotein of Caprine Arthritis Encephalitis Virus CG-1 (CEAVCG-1) (Clements, unpublished data) and human immunodeficiency virus type 2 ST-1 (HIV2ST-1) (Kumar et al., 1990) , respectively. These regions were located in nucleic acid binding protein (NBP) region in the gag polyproteins. The NBP region has the metal binding motif: CX2CX4HX4C, where C is cysteine, H is histidine, and X is any amino acid (Berg, 1986) . This motif was first discovered in low-molecular-weight proteins, encoded by retroviruses, which bind to single stranded DNA or RNA (Covey, 1986) . The same metalbinding motif appears seven times in a cellular nucleic acid binding protein (CNBP) (Rajavashisth et al., 1989) . CNBP binds a sterol regulatory element (SRE) in both a sequence-specific and a single-strand-specific manner (Rajavashisth et al., 1989) . In the byr3 protein, there are also seven such metal-binding domains. The homologous regions between the byr3, CNBP, and NBP proteins are located in the metal-binding motif (Figure 4) . To confirm that the predicted open reading frame belonged to byr3 and was sufficient to encode a functional protein, we constructed plasmids pAAUNLBYR3 and pAALNLBYR3 that joined this sequence in frame to a sequence encoding a peptide epitope from the HA antigen of the influenza virus, driven from the strong S. pombe adh promoter (see MATERIALS AND METHODS and Table 2 ). Both plasmids were capable of inducing sporulation in rasl null diploid cells. Cells containing these vectors produce a protein of the correct molecular size that immunoprecipitates with antibodies to the peptide epitope (see Figure 5) The byr3 null strain SpB3U has a normal morphology. It is homothallic and hence is capable, in principle, of self-mating and sporulating when starved. The strain has an apparently normal growth rate, but colonies of this strain stain weakly with iodine vapor. Microscopic examination of cells from such colonies revealed that the level of conjugation, as determined by the observation of zygotic asci, was considerably lower than that observed in wild-type h90 colonies (see also The S. pombe byr3 and the human CNBP protein both contain seven repeats of the consensus sequence, CX2CX4HX4C, which is a "zinc finger" motif found in a number of nucleic acid binding protein. The sizes of these two proteins are similar; the S. pombe byr3 is predicted to have 179 residues, and the human CNBP 180. The similarity between byr3 and CNBP suggests that a similar biological function may be found. To test this possibility, a plasmid, pARTCNBP, was constructed to express the human CNBP protein in yeast. This plasmid was transformed into the byr3 null strain, SpB3U (see Table 5 ), and transformants were examined for the ability to conjugate. The results suggest that expression of the human CNBP is capable of restoring conjugation of the SpB3U strain towards wild-type levels, although not as efficiently as expression of byr3 itself from a similar plasmid. Expression of the human CNBP gene in rasl null diploid yeast failed to restore sporulation.
Suppression of Other Phenotypes of rasl Null Cells by byr Plasmids S. pombe strains lacking rasl are also defective in conjugation and have a round cell shape. Multicopy plasmids expressing byrl and byr2 do not restore cell shape to rasl-strains (Nadin-Davis and Nasim, 1988; Wang et al., 1991b) . Multicopy plasmids expressing byr3 likewise fail to restore cell shape to these strains.
It has been reported by others, and by us, that multicopy plasmids expressing either byrl (Nadin-Davis and Nasim, 1988) or byr2 (Wang et al., 1991b) could not suppress the conjugation defects of rasl null cells. These conclusions were based upon microscopic examination of h90 rasl null cells grown in dense patches on solid medium. We have reexamined this question with the use of a more sensitive genetic selection for conjugation with a mating-competent partner. rasl null, h90 cells, transformed with various test plasmids, were incubated with either h+ or h-rasl wild-type strains under nutrient conditions promoting conjugation (see MATERIALS AND METHODS). The rasI null, h90 cells contained the ade6.210 marker, whereas the rasl wild-type cells contained the ade6.216 marker. After cocultivation and replica plating, adenine prototrophic cells were selected, and colonies containing sporulating cells were counted. From these experiments it was evident that multicopy plasmids expressing either byrl or byr2 were capable of restoring low levels of conjugation to rasl null cells (see Table 6 ). In contrast, pALBYR3, which expresses the byr3 gene, failed to induce measurable levels of conjugation.
Further Genetic Interactions of byr3 Multicopy plasmids expressing rasl, raslvall7, byrl, and byr2 were all tested for the ability to alter the phenotype A C D E of the byr3 null strain SpB3U. Plasmids expressing rasl and byr2 effectively restored normal levels of conjugation (see Table 7 and Figure 6 ). In contrast, the plasmid pARTBYR1, expressing byrl, was not capable of restoring this activity even though this plasmid was capable of restoring sporulation to rasl and to byr2 null diploid cells, restoring conjugation and sporulation to byrl null cells (Wang et al., 1991b) , and was more effective than the byr2 plasmid, pWH5BYR2, at restoring conjugation to rasl null cells (see Table 6 ). Expression of raslvall7 made the byr3 null strain more sterile and increased its agglutinability. Moreover, expression of raslvall7 induced conjugation tubes and a pear shape morphology in the byr3 null strain, as it does in wildtype homothallic strains. Hence byr3 function is not required for the phenotypes associated with activated raslvall7.
Next we explored the ability of multicopy plasmids expressing byr3 to restore phenotypic defects in S. pombe strains carrying mutations in other loci. We used the following host strains: SpBUD, a diploid strain that carries a complete disruption of byrl at both alleles and is absolutely defective in sporulation; SpB2UD, a diploid strain that is completely defective at both alleles of byr2 and is absolutely defective in sporulation; and SpR2A, a haploid strain that expresses the dominant interfering RAS2aMa22 gene of the yeast S. cerevisiae, and is thus partially sterile (Powers et al., 1989; Wang et al., 1991b) . The multicopy plasmid pALBYR3 was not able to restore sporulation to SpBUD, or to SpB2UD, but was able to restore conjugal competence to the RAS2aMa22 strain (see Figure 7) . Mutation in rasl, byrl, or byr2 do not Affect the Physical Properties of the byr3 Product In view of the apparent involvement between byr3 and the sexual differentiation pathway, and that at least two genes required for this pathway probably encode protein kinases, we sought to determine if the covalent state of byr3 protein is affected by mutations in genes involved in sexual differentiation. To this end, we expressed an epitope fusion of byr3 from an adhl promoter in strains that were either otherwise wild type, rasl null, byrl null, or byr2 null, and labeled cells with either 32p phosphate or with 35S-methionine. Cell extracts were immunoprecipitated with monoclonal antibody specific to the epitope, and immunoprecipitates resolved by SDS-PAGE.
The results of 32p labeling suggest that byr3 is a phosphoprotein but that the amount of label is not dependent on genetic background. Moreover, the results of 35S labeling, shown in Figure 5 , indicate that the mobility of the byr3 protein is not affected either. These experiments fail to find evidence that the byr3 protein is a substrate for protein kinases that function on the sexual differentiation pathway.
DISCUSSION
The function of RAS in the yeast S. cerevisiae is at least partly understood: one effector is adenylyl cyclase (Toda et al., 1985) . The function of rasl in S. pombe is still unclear, but adenylyl cyclase is not its effector (Fukui et al., 1986) . In an attempt to define the rasl dependent signal transduction pathways in S. pombe, we have sought to identify genes that can suppress rasl null phenotypes when carried on multicopy plasmids. In this manner, both byrl and byr2 were previously identified (Nadin-Davis and Nasim, 1988; Wang et al., 1991b) . In this report we have described a third gene, byr3.
The significance of these identifications extends beyond the narrow objective of defining the effectors of RAS and encompasses the broader question of how signal transduction pathways are composed and woven together. We know that rasl participates in the pathways of sexual differentiation, culminating in both conjugation and sporulation. Many components in addition to rasl are shared in the consumation of these two events. The two genes, byrl and byr2, each expected to encode protein kinases, and also to participate in both conjugation and sporulation. Like byrl and byr2, the overexpression of byr3 can influence sporulation and conjugation. Overexpression of byr3 restores sporulation in rasl null diploids and restores conjugation in S. pombe strains that express the interfering S. cerevisiae RAS2ala22 gene. Overexpression of byr3 does not have as profound an effect on these events in rasl null cells as does overexpression of either byrl or byr2, because the latter can restore measurable mating activity to rasl null haploid cells, whereas overexpression of byr3 cannot.
Disruption of byr3 leads to diminished conjugal activity in haploid cells, without a measurable effect on sporulation, whereas disruption of byrl and byr2 leads to defects in both conjugation and sporulation. This result can be readily explained, because disruption of byr3 leads to only a partial debilitation of the signal transduction pathways of sexual function: disruption of byrl or byr2 leads to a complete inhibition of mating and sporulation. Several lines of evidence indicate that efficient conjugation is more sensitive to perturbation of this signaling pathway than is sporulation: cells with Figure 6 . Effects of multicopy expression of byrl, byr2, and rasl on the phenotype of the byr3 null strain SpB3U. A interfering RAS2a a22 are defective in conjugation, but not in sporulation (Wang et al., 1991b) ; cells with activated raslvall7 are defective in conjugation but not sporulation (Fukui, et al., 1986; Nadin-Davis et al., 1986a no other genes that duplicate the function of the byr genes. Although we can have considerable confidence in this assumption for the byrl and byr2 genes, which, as already discussed, create absolute blocks in conjugation and sporulation, we can have little confidence in this assumption for byr3. Third, multicopy rasl and multicopy byr2 can each restore conjugation efficiency to cells lacking byr3, but multicopy byrl fails to do this. Because multicopy byrl is superior to multicopy byr2 in suppressing the conjugation defects of rasl null haploid cells (Table 6) , we infer from this that byr2 and rasl each have some function that is not shared by byrl. This conclusion is consistent with our previous analysis that placed byr2 upstream of byrl (Wang et al., 1991b) . Another way to order protein/protein interactions is by biochemical analysis. We therefore sought evidence that byr3 might be a "substrate" of one of the components of the rasi/byr dependent signal transduction cascade. byr3 is a phosphoprotein, but neither its degree of phosphorylation nor its apparent mobility in SDS polyacrylamide gels appears to be a function of the presence or absence of rasl, byrl, or byr2.
The predicted primary sequence of the byr3 product is quite unusual in that it contains seven repeats of the motif CX2CX4HX4C. A similar zinc finger motif is found in a number of nucleic acid binding proteins, and matches a motif found in the gag polyproteins of retroviruses (Berg, 1986) . A mammalian protein, CNBP, has been described that, like byr3, contains precisely seven units of this repeat (Rajavashisth et al., 1989) . The homology between CNBP and byr3 repeats is the closest we have found in the sequence data banks. The similarity in the overall structure of byr3 and CNBP suggests that a similarity in biochemical function will be found. To test this hypothesis, we expressed CNBP in S. pombe. Expression of CNBP increased the conjugal efficiency of cells lacking byr3, consistent with the idea that both proteins have common cellular functions. Expression of CNBP failed, however, to induce sporulation in rasl null diploids cells suggesting that it does not function equivalently to byr3 in S. pombe.
CNBP was found by its ability to bind to the DNA motif GTGCGGTG that has been found near sterol responsive genes. Like CNBP, byr3 binds to DNA. byr3 was expressed as a fusion to maltose-binding protein and purified as a complex to amylose resin. The MBPbyr3 fusion protein stably associates with the amylose resin under the DNA binding and washing conditions used. This stable association permits for a rapid separation, by low-speed centrifugation, of unbound from bound 32P-labeled DNA. We have found that the fusion protein can bind 32P-labeled DNA and that this binding can be competed by unlabeled DNA.
On the basis of on its DNA binding characteristics, Rajavashisth et al., 1989 , hypothesized that CNBP is involved in the repression of transcriptional activity of sterol responsive genes. This hypothesis has received no direct experimental support, at this time. Another hypothesis is that byr3 and CNBP bind RNA. Although several proteins with the zinc finger binding motif CX2CX12-14HX2H are transcriptional activators, the motif CX2CX4HX4C is associated with retroviral nucleocapsid proteins (Berg, 1986) , and the similar metal-binding motif CX2CX6HX2H is found in E. coli alanyl-tRNA synthetase (Miller et al., 1991) . The discovery of the conservation of proteins with seven units of this zinc finger binding motif, and, in particular their discovery in yeast, may lead to understanding of the way these molecules participate in cellular events.
